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HYDRAULIC TRANSMISSION PUMP
ASSEMBLY HAVING A DIFFERENTIAL
ACTUATION AND INTEGRATED LINE

PRESSURE CONTROL

FIELD OF THE INVENTION

The present mvention relates generally to a hydraulic
fransmission pump assembly and, more specifically, to a
hydraulic transmission pump assembly having differential
actuation with an integrated line pressure control that sup-
plies hydraulic power to a vehicle transmission.

DESCRIPTION OF THE RELATED ART

Generally speaking, land vehicles require a powertrain
consisting of three basic components. These components
include a power plant (such as an internal combustion
engine), a power transmission, and wheels. The power
fransmission component 1s typically referred to simply as the
“transmission. ~ Engine torque and speed are converted in
the transmission 1n accordance with the ftractive-power
demand of the vehicle.

Transmissions generally include one or more gear sets.
One type of gear set commonly employed 1n automatic
fransmissions 1s a planetary gear set, named for the relative
rotation of the “planet gears” that each rotate on their
individual axis while revolving around a “sun gear”. Plan-
ctary gear sets are made up of three components, all in
constant mesh; a sun gear, a planetary carrier with planet
gears, and a surrounding ring gear or internal gear. When
one component 1s held stationary, and another component 1s
rotated, the third component 1s driven at either a reduction,
or an 1increase 1n speed, or a rotation 1n the opposite
direction. The planetary gear sets that are commonly used in
today’s automatic transmissions are actually “compound
planetary gear sets” because they are basically two planetary
sets that have common parts. Most 3-speed transmissions,
for example, use two ring gears, two planetary carriers, and
a common sun gear that 1s axially long enough to mesh with
both planetary carriers. By changing which components are
rotated by the engine, and which components are “held”,
two different gear reductions (1st gear, and 2nd gear) and
reverse, as well as a 1:1 ratio (third gear) can be obtained.
Thus transmissions typically include a plurality of clutch or
brake assemblies that are employed as holding mechanisms
in the transmission.

One example of a device used as a “holding” mechanism
in a transmission 1s a one-way clutch. One-way clutches
have inner and outer races that allow relative rotation of the
two races 1n one direction but lock together 1n the opposite
rotational direction. In application, when the races are fixed
on concentric shafts, the shafts will be held together 1n one
rotational direction, and be able to freewheel 1n the other
rotational direction.

Multi-disk pack friction clutches are another example of
a clutch assembly that 1s commonly employed for this
purpose 1n a transmission. The multi-disk pack friction
clutch or brake assembly usually employs a clutch subas-
sembly mcluding a set of plates and a set of friction disks
that are interleaved between one another. The plates and
friction disks are bathed 1n a continual flow of lubricant. The
clutch or brake assembly also typically includes an actuating
piston. When a component of a gear set 1s to be held, as for
example during a particular gear change, a piston 1s actuated
so as to cause the plates and friction disks to come into
contact with respect to one another. In certain applications,
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it 1s known to employ several one-way clutches or multi-
disk pack friction devices 1n combination to establish dif-
ferent drive connections throughout the transmission to
provide various gear ratios 1n operation, or to brake a
component. Thus, 1t 1s necessary to provide lubrication to the
ogear sets and the holding and shifting devices within the
transmission in order to ensure their smooth and efficient
operation while avoiding undue wear. Additionally, the
lubrication functions to remove excess heat and cool the
internal components of the transmission to within acceptable
designed operating temperatures.

Within the transmission, the multi-disk friction clutches,
brake systems, and gear sets have traditionally relied on a
continuous “splash” supply of coolant, typically an o1il,
known generally as automatic transmission fluid (ATF), to
remove the heat generated during operation and lubricate
various moving parts. To this end, the transmission typically
includes a hydraulic pump that provides ATF under pressure
to supply various components with the fluid pressure nec-
essary to actuate, lubricate and cool such components. The
transmission pump 1s powered by the vehicle’s engine
through some manner of connection with an mput shaft. The
pump draws ATF from a reservoir, or sump, through a filter.
The ATF pressure 1s typically regulated by means of a
solenoid-actuated pressure regulator valve located
downstream, or after the pump. The solenoid actuates a
valve member within the regulator body, which opens a
return path in the main transmission pressure line. This
return path reroutes the excess fluid flow back to the
transmission sump. The regulator valve and its control
solenoid are generally operated by an electrical interaction
with a vehicle, or transmission, control module. In this way,
the fluid pressure and flow 1n the main transmission pressure
line are regulated to a desired value. Alternatively, some
transmissions employ a less complex mechanical spring
biased pressure regulator for the same purpose.

By having the pump driven by a power imput of the
vehicle’s engine, the resulting ATF fluid flow from the pump
through the transmission main line, 1n both pressure and
quantity, 1s proportional, or “linear”, with respect to engine
speed. Conversely, the transmission generally requires ATF
at constant volume and pressure across its operating range.
Since conventional transmission pumps are driven by the
vehicle engine, the conventional transmission pump and its
mechanical drive components are sized so as to meet all
possible lubrication, actuation and cooling requirements of
the transmission when the engine, and thereby the pump
mechanism, 1s at 1dle. Thus, whenever the engine speed 1s
clevated above 1idle, the transmission pump produces a
orecater volume and pressure of ATF than 1s required and the
supply of ATF 1s excessive. This excess amount of ATF flow
1s simply returned to the sump, by the regulator valve, as
wasted energy. This wasted energy 1s an unnecessary
mechanical loss that drains power from the engine, reducing
transmission and overall vehicle efficiency.

Looking further ahead to new technological advances 1n
automotive design, hybrid vehicles with multiple power
sources and multiple power transfer operating modes are
emerging. Hybrid vehicle designs can provide both low
emissions and improve fuel economy. In order to do this,
some hybrid vehicle designs switch drive modes between
clectrical power and conventional engines 1n such a manner
that the internal combustion engine may be below a
standard, or conventional 1dle speed, or off, at times during
vehicle operation. This could occur when there 1s no forward
movement of the vehicle (e.g., at a stoplight), or when the
vehicle 1s coasting, or when driven solely by the electrical
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power source. This highlights another disadvantage 1n con-
ventional transmission pump designs; namely, with the
internal combustion engine at a below 1dle condition, there
1s little, or no, ATF flow. Thus, there 1s a need 1n the art to
meet the lubrication, cooling and actuation requirements of

the transmission 1 a hybrid vehicle during these operating
conditions.

This drawback to the conventional automatic transmis-
sion pump can also be seen 1 conventional vehicles in one
other specific instance. If the engine 1s off in a conventional
vehicle, yet the vehicle’s drivetrain 1s moving, for example
where a vehicle 1s being towed, there 1s no ATF lubrication
being provided to the bearings and gear sets of the trans-
mission. Simply towing the vehicle could cause damage to
the 1nternal workings of the transmission itself.

In light of the above, those having ordinary skill in the art
will appreciate that specific disadvantages to conventional
transmission ATF pump construction and operation exist.
The first being the excessive ATF flow delivery for engine
speeds at or above 1dle, which results 1n a drain to the
engine’s power resources and second, the inability of con-
ventional designs to adequately supply the transmission with
ATF during engine off or below 1dle conditions. These
disadvantages created the need for a transmission pump
design that 1s both more efficient and 1s able to operate when
the vehicle’s engine 1s below 1dle, off, or otherwise
disconnected, but transmission and thereby vehicle opera-
fion 1s required. This need has been answered by newer
designs that incorporate an electric driven hydraulic trans-
mission pump. While these designs have answered some of
the disadvantages associated with the conventional trans-
mission pump applications, others have arisen. Generally,
these designs use the electric pump to completely take over
the duties of the mechanically driven pump or substantially
supplement 1t for the delivery of ATF pressure. This
approach requires that the ATF supply system stlll rely
solely on downstream pressure regulators to dump off exces-
sive fluid back to the sump. While these system approaches
are better than their predecessors, they still are inefficient
reactive type systems. In other words, the system waits until
excessive pressure builds up and then just dumps it off,
rather than continuously monitoring the delivery of the ATF
and controlling 1ts pressure accurately and efficiently to
properly meet the demands of the transmission. Therefore,
there still exists a need to provide a system that can offer the
advantages of ATF delivery through an electric motor, either
in solo or 1 supplementation of a mechanical pump, but
provide a monitored and controlled system that 1s more
efficient and can closely follow the demands of a new
generation of transmission.

SUMMARY OF THE INVENTION AND
ADVANTAGES

The hydraulic transmission pump assembly of the present
invention overcomes the disadvantages in the related art as
a pump adapted to provide fluid under pressure to predeter-
mined components 1n a transmission and to regulate the fluid
delivery during all operating conditions. The hydraulic
fransmission pump assembly includes a pump adapted to
provide fluid under pressure to predetermined components
In a transmission, an electric motor operatively coupled to
the pump, and a line pressure control device in electrical
communication with the electric motor. The line pressure
control device 1s operable to control the electric motor as to
cause 1t to drive the pump when engine speeds are below a
predetermined level such that the pump provides fluid at a
predetermined volume and pressure to the transmission
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during this operating condition. A differential gear assembly
1s also 1ncluded that 1s interposed between an engine and the
clectric motor. The differential gear assembly acts to drive
both the pump and the electric motor when engine speeds are
above the predetermined level such that the pump provides
fluid at a predetermined volume and pressure to the trans-
mission and the electric motor provides generated electric-
ity.

Accordingly, the present invention provides a hydraulic
fransmission pump having a differential actuation with an
integrated line pressure control device that overcomes the
drawbacks of conventional designs, which cannot prowde
proper ATF flow to the transmission when the engine 1s off
or below 1idle speed. Additionally, the present mnvention 1s
more efficient than the prior art as 1t provides the required,
regulated ATF flow anytime the engine 1s at idle or above,
while concurrently converting any excess applied engine
power 1nto usable electrical energy that 1s fed back to the
vehicle electrical system. Furthermore, these objectives are
achieved by the present invention 1n an efficient, cost
cifective and relatively simple manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the invention will be readily
appreciated, as the same becomes better understood by
reference to the following detailed description when con-
sidered 1n connection with the accompanying drawings,
wherein:

FIG. 1 15 a side view of the hydraulic transmission pump
assembly of the present mnvention;

FIG. 2 1s a cross-section view of a gerotor pump of the
hydraulic transmission pump assembly of the present inven-
tion;

FIG. 3 1s a cross-section view of a planetary differential

ogear set of the hydraulic transmission pump assembly of the
present 1nvention;

FIG. 4A 1s a schematic view of the hydraulic transmission
pump assembly of the present invention having an integrated
line pressure control device;

FIG. 4B 1s a schematic view of the hydraulic transmission
pump assembly of the present invention having an integrated

line pressure control device within a controller area network
(CAN) system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

The hydraulic transmission pump assembly of the present
invention 1s generally indicated as 10, in FIG. 1 when like
numerals are used to describe like structure throughout the
ficure. The hydraulic transmission pump assembly 10
includes an electric motor, generally 1indicated at 12, ditfer-
ential gear set assembly, generally indicated at 14, and a
hydraulic pump, generally indicated at 16. The differential
14 1s mmn the form of a planetary-type gear set. The electric
motor 12 1s 1llustrated with an integrated line pressure
control device 13, which will be described 1n greater detail
below.

With reference to FIGS. 1 and 3, the differential 14 1s
mounted to a support structure 18 and includes an 1nput gear
20 operatively coupled to a ring gear 22. Motive rotational
power 1s provided to the mput gear 20 from a power input
(not shown) of the vehicle’s engine. Ring gear 22 has
internal teeth 23 adapted to mesh with a plurality of plan-
ctary gears 24. The planetary gears 24 are mounted on
individual stub shafts 26 that are fit within a carrier frame 28.
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The planetary gears 24 also mesh with a singular central sun
gear 30. In the preferred embodiment, the planetary gear
carrier frame 28 1s of a two-piece design press-fit together on
the stub shafts 26 over and partially encapsulating the sun
ogear 30. Sun gear 30 1s splined to a central shaft 32 that
interconnects the differential 14 and the electric motor 12.

The transmission pump, generally indicated at 16, 1s
mounted to another support member 34. The pump support
member 34, 1n combination with pump bore member 50 and
pump end member 36 comprises the pump body, generally
indicated at 40. As shown 1n FIG. 1, pump support member
34 15 1n alignment with support member 18 such that pump
body 40 and differential 14 are brought into alignment and
cooperative 1nterconnection along longitudinal axis “A”
when these portions of the present invention are assembled.
Those having ordinary skill in the art will appreciate that the
support members 18 and 34 depicted in the figures may
include any convenient structural member commonly asso-
ciated with the transmission or surrounding vehicle structure
and that the support members 18 and 34 per se, as illustrated
in the figures, form no part of the present mvention. In the
preferred embodiment, the transmission pump 16 1s gerotor
type pump having a gear set comprised of a first or 1nner
pumping gear pumping element 42 having external teeth 44
and a second or outer pumping gear pumping clement 46
having internal teeth 48.

Referring now to FIGS. 1 and 2, the outer surface of the
outer gear pumping element 46 1s smooth finished and 1s
disposed within a bore opening 435 of the pump bore member
S0 1n a close-tolerance, but rotatable fit. The number of
external teeth 44 1n the mner gear pumping element 42 1s one
less than the number of teeth 48 1n the outer gear pumping
clement 46. The 1nner gear pumping element 42 1s disposed
within the outer gear element 1 such a manner that all the
teeth 44 and 48 are 1n some form of continuous contact, from
fully engaged to almost disengaged.

As best shown 1n FIG. 2, the outer gear pumping element
46 1s disposed within the pump bore member 50 on a radial
axis “B”. The mner gear pumping element 42 1s disposed
within the outer gear element inline with central axis “A”.
Radial axis “B” 1s eccentric to the central axis “A” and
thereby the outer gear pumping element 46 1s offset relative
to the radial axis of the inner gear pumping element 42. The
bore opening 45 of pump bore member 50 is centered on
axis “B” which accommodates the offset axial displacement
of the outer gear pumping element 46. In this manner, as the
inner gear member 42 rotates about axis “A”, 1t drives outer
gear pumping clement 46 1n the bore opening 45, such that
the meshing of the teeth 44 and 48 creates spaces between
the gear teeth that define pumping chambers 52 and 54,
which expand and contract respectively as the elements
rotate. As further shown in FIG. 2, as the gear elements
rotate, their teeth pass through a line shown as “C-D”. Line
C-D 1s drawn through the axes “A” and “B” and indicates
the radial points 1n the rotation of the gear members 42 and
46 at which the teeth 44 and 48 are at their most open and
most fully engaged, respectively. In other words, the spaces
between the teeth transition from expanding chambers 52 to
contracting chambers 54, and vice versa, as the teeth of the
gear set pass through the respective “C” and “D” radial
points of their rotation. Within the pump bore member 50
and the pump end member 36, an inlet passage 64 and an
inlet port 66 are machined, in a known manner, through to
an arca that meets the meshing teeth at a point in their
rotation where they form expanding chambers 52. The pump
bore member S0 and the pump end member 36 further have
an outlet passage 60 and an outlet port 62 also machined, 1n
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a known manner, through to an area that meets the meshing,
teeth where they are forming contracting chambers 54.

As schematically represented 1n FIGS. 4A and 4B, ilet
port 66 1s 1n fluid connection with ATF line 84 which 1s
routed from the transmission sump 72 through ATF filter 74
and the outlet port 62 1s in fluid connection with line 88,
which would allow for further distribution and delivery of
ATF throughout the transmission as required. Also shown in
FIGS. 4A and 4B, a pressure monitoring device 76 1s 1n fluid
connection with transmission line 88. Depending on the
particular embodiment, each described 1n greater detail
below, the pressure monitoring device 76 may be a sensor,
or a pressure regulator, or a combined sensor and pressure
regulator.

As shown 1n FIG. 1, the electric motor, generally 1ndi-
cated at 12, 1s disposed upon the pump support member 34
on the opposite side of the support member from the pump
body 40. The pump body 40, differential 14, and electric
motor 12 are all brought into alignment and cooperative
interconnection along longitudinal axis “A” when these
portions of the present mvention are assembled. The drive
shaft of electric motor 12 serves as the common central shaft
32 of the present invention. The common shaft 32 has a
splined area 38 on 1ts circumierence that engages the sun
ocar 30 of the differential 14. Additionally, the mner gear
pumping clement 42 of the pump 16 has an extended sleeve
39 that engages the carrier frame 28 of the differential gear
sct 14 at 41. The electric motor 12 1s thereby interconnected
to the inner gear pumping element 42 of the pump 16
through the sun gear 30, planetary gears 24, and carrier

frame 28 of the differential 14.

The electric motor 12 also includes the line pressure
control device 13. The line pressure control device 13 is
utilized to control the electrical power sent to the electric
motor 12 and operatively controls the electrical power as
described below. As shown 1n FIGS. 4A and 4B, the line
pressure control device 13 1s thereby 1n operative electrical
connection to the electric motor 12 by wiring harness 82.
The line pressure control device 13 i1s also operatively
connected to the pressure monitoring device 76, either
directly (FIG. 4A) by line 80, or indirectly (FIG. 4B)
through a Control Area Network (CAN) digital data system
90, as discussed 1n greater detail below.

In the preferred embodiment, two operational modes
exist. The first operational mode 1s contemplated when a
flow of ATF for the proper operation of the transmission 1s
required yet the vehicle’s engine 1s off or at a below 1dle
condition where an insuificient supply of ATF 1is available
through the mechanical connection to the power mnput from
the engine. Referring to the schematic representation of FIG.
4 A, where like structure schematically represented has been
described using like reference numbers, 1f the vehicle engine
1s off or at below 1dle, no or very little ATF 1s being drawn
thorough hydraulic line 84 from the sump 72, through the
filter 74, to the inlet port 66 of the pump 16. The line
pressure control device 13 will sense that the output pressure
at the output port 62 of the pump 16, by linec 80, has fallen
below a predetermined lower value. The line pressure con-
trol device 13 will then energize the electric motor 12 to

provide the motive power to drive the pump 16 through the
differential 14.

In one non-limiting embodiment (FIG. 4A), the pressure
monitoring device 76 may be a combined pressure sensor
and pressure regulator. In this case, line 80 1s an electrical
connection from the sensor portion of the pressure monitor-
ing device 76 to the line pressure control device 13. With
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line 78 depicting a hydraulic line used to reroute ATF back
to the sump 72 from the pressure regulator portion of the
pressure monitoring device 76 in circumstance where the
differential mnput from the vehicle engine mput 20 creates
excessive ATF pressure. In another non-limiting embodi-
ment (FIG. 4A), the pressure monitoring device 76 may be
only a pressure regulator. In this case, line 80 1s a hydraulic
line that routes pressurized ATF to the line pressure control
device 13, while providing pressure regulation to reroute
ATF back to the sump 72 through hydraulic line 78 1in
circumstance where the differential input from the vehicle
engine 1nput 20 creates excessive pressure. In an additional
embodiment, the pressure monitoring device 76 may func-
fion solely as a pressure sensor. In this case, line 80 1s an
clectrical connection from the pressure-monitoring device
76 to the line pressure control device 13. Line 78 would be
absent and the system would completely rely on control of
the electric motor 12 by the line pressure control device 13
to avoid conditions of excessive pressure.

It should also be appreciated, by those skilled in the art,
that monitoring of the transmission fluid pressure output
may be either a function of a higher level vehicle monitoring
system that oversees the control of the vehicle and its
transmission (which is beyond the scope of this invention),
or be a function of the line pressure control device 13 1tsellf,
as just described and shown in FIG. 4A. In this regard, by
way of an additional non-limiting example, as schematically
represented in FIG. 4B, the vehicle may employ a CAN
system 90 to digitally integrate the monitoring and control of
various engine and transmission functions. As shown m FIG.
4B, the pressure monitoring device 76 feeds data to an
interface device 85 which sends the monitored output pres-
sure data of the pump 16 through the CAN system. The
interface device 85 sends the monitoring signal across the
CAN digital data bus to the vehicle monitoring system.
Either the vehicle monitoring system or a transmission
control device 86 sends control signals through the CAN
system 90 to the line pressure control device 13. As before,
the line pressure control device 13 controls the electric
motor 12 to drive the pump 16 through the differential 14.
Finally, 1t should be further appreciated that the interface
device 85 may be an integrated portion of the pressure
monitoring device 76 rather than a physically separate
device.

Therefore, regardless of how the output pressure of the
pump 16 1s monitored, the line pressure control device 13
energizes the electric motor 12 to spin its output shaft 32,
which by its interconnection to the inner gear pumping
clement 42 of the pump 16 through the sun gear 30,
planetary gears 24, and carrier frame 28 of the differential
14, drives the pump 16 to produce a pressurized AITF flow.
This functionally occurs as the inner gear pumping element
42 rotates, driving the outer gear pumping clement 46. ATF,
which 1s supplied to the 1nlet port 66 and 1nlet passage 64 of
the pump 16, flows 1nto the open expanding chambers 52
between the gear teeth 44 and 48. The expanding chambers
52 pass the ATF, by their rotation 1n the pump body 40, past
axial point “C” at which the gear teeth 44 and 48 begin to
mesh together. The gear teeth 44 and 48 then displace the
ATF 1mto the outlet passage 60 and outlet port 62 as they
rotate toward axial point “D” and mesh closer, contracting
the chambers 54, thereby creating a positive pressure and
pumping the ATF out. The line pressure control device 13
will de-energize the electric motor 12 if the output pressure
from the pump 16 exceeds a predetermined upper value,
thereby ensuring an adequate but not excessive flow of ATF
to the transmission.
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As just described, 1n one embodiment, the system may be
coniigured to switch the electric motor 12 simply on and oft
in response to sensed ATF pressure output from the pump
16, or in another non-limiting embodiment, the electric
motor 12 may be driven at variable speeds, rather than on or
off, to control ATF delivery. It should be appreciated that 1n
this operational mode, when the vehicle engine 1s off or at
below 1dle speeds, the line pressure control device 13
functions to deliver the ATF 1n the predetermined required
pressure but not 1 excess, thereby preventing energy losses
and waste. Additionally, it should be noted that during the
operation of the electric motor 12, while the motor drives the
pump 16 through the sun gear 30 and the carrier frame 28 of
the differential 14, the physical nature of the planetary gear
set prevents any feedback force on the ring gear 22. This
occurs as the planet gears 24 in their carrier frame 28
concomitantly revolve and rotate about the sun gear 30
while the ring gear 22 remains stationary.

The second operating mode of the present 1nvention 1s
contemplated when a flow of ATF for operation of the
transmission 1s required and the vehicle’s engine 1s running
at or above an 1dle condition. With the engine running at or
above 1dle, the mput gear 20 and thereby the ring gear 22 of
the differential 14 will be driven by the operatively con-
nected power mput from the vehicle engine. In this second
mode, two functional operations occur simultaneously.
Primarily, the torque input from the vehicle engine to the
differential ring gear 22 causes the planetary gears 24 and
the carrier frame 28 to rotate. As shown 1n FIG. 1, the carrier
frame 28 1s operatively coupled to the inner gear pumping
clement 42 of the transmission pump 16, so that the rotation
imparted to the carrier frame 28 drives the transmission
pump 16 thereby provide a pressurized volume of ATF to the
fransmission. As discussed previously, pump operation
through the vehicle’s engine input will flow excessive
amounts of ATF above the 1dle level, so that a simple
pressure regulator, or regulator valve, (shown at 76, in FIGS.
4A and 4B) elsewhere in the vehicle transmission, will route

the excess flow back to the sump.

Secondarily, as described generally above, the torque
input from the vehicle engine that causes the differential ring
ogear 22, the planetary gears 24, and the carrier frame 28 to
rotate, also causes a rotation of the sun gear 30. The sun gear
30, as shown 1n FIG. 1, 1s operatively connected to the
common central shaft 32, thereby causing rotation of the
shaft 32. As previously described, the common central shaft
32 1s functionally the extended output shaft of the electric
motor 12.

It should be appreciated by those having ordinary skill 1n
the art, that when the electric motor 12 is off (i.e., the
windings of the motor are non-energized) and the shaft 32 of
the motor 1s mechanically rotated, that the motor 12 then
clectrically functions as a generator. This occurs due to the
mverse nature of electric motors, in which, as the wound
magnetic armature on the shaft of an electric motor 1s turned,
a magnetic field 1s set up within the motor’s field windings,
which produces, or generates, an electrical current. In this
manner, whenever the electric motor 12 1s not energized by
the line pressure control device 13 the electric motor 12 of
the present 1nvention functions as a generator, creating
clectrical current from the mechanical energy imparted to its
shaft 32 from the vehicle’s engine through the differential
oear set 14. This generated electrical current 1s fed back to
the vehicle electrical system to either charge the battery or
assist 1n operating other electrically actuated components
assoclated with the vehicle.

Therefore, 1n summary, the preferred embodiment of the
invention provides two operational modes. The first mode
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utilizes the electric motor 12, as controlled by line pressure

* Ay

control device 13, through the differential gear set 14, to
drive the transmission pump 16. This provides regulated
ATF flow to the transmission, when the vehicle’s engine 1s
off or in a below 1dle condition. The second mode utilizes a
power 1nput from the vehicle’s engine, through the differ-
ential gear set 14, to drive the transmission pump 16, which
provides ATF flow to the transmission, when the vehicle’s
engine 1s at or above idle condition. Concurrently in the
second mode, the differential 14 allows the excess mechani-
cal power from the engine to be converted into useable
clectrical energy by diverting the excess mechanical energy

to the electric motor 12.

Since the differential gear set 14 1s operatively coupled to
the vehicle engine such that either the engine or the electric
motor 12 can selectively drive the transmission pump 16,
variations 1n the gear ratios within the design of the differ-
ential gear set 14 provide for other embodiments. By way of
example, whereas the differential gear set 14 of the preferred
embodiment allows that the vehicle engine power input
provide all the required power at i1dle or above with the
clectric motor 12 off; 1n another non-limiting embodiment,
the differential gear set 14 may be designed so as to only take
a portion of the drive force for operating the transmission
pump 16 from the vehicle engine, the remaining force would
be taken from the electric motor 12. Specifically, the differ-
ential gear set ratios could be designed so engine power
input to the transmission pump 16 would meet all possible
lubrication, actuation and coolmg requirements of the trans-
mission only when the engine 1s at a high or maximum RPM.
Thus, the electric motor 12 would be called on to provide the
majority of the required motive force, through the differen-
tial gear set 14, for the transmission pump 16 with only
minimal or supplemental input coming from the coupling
with the engine. As such, no or very little excess in ATF flow
would ever occur, since the power input from the electric
motor 12 1s closely controlled by the line pressure control
device 13. This would also preclude the necessity of recov-
ering excessive mechanical energy from the engine and

converting 1t to electrical energy.

By way of another example, the differential gear set 14
could be designed so that the transmission pump 16 would
be driven by the vehicle engine so as to meet all possible
lubrication, actuation and cooling requirements of the trans-
mission when the engine reaches some i1ntermediate RPM
value between engine 1dle and maximum. This would
require that the electric motor 12 provide some portion of the
required drive force, through the differential gear set 14, up
to the point the hne pressure control device 13 senses an
excess 1n pressure (from both the electric motor and vehicle
engine) and turns off the electric motor 12. As such, this
would reduce the amount of excess ATF flow and still allow
a conversion of excess mechanical energy from the engine
operation of the transmission pump 16 to electrical energy
by the electric motor 12 during portions of the operation

range of the vehicle.

Accordingly, the present imnvention provides a hydraulic
transmission pump having a differential actuation with an
integrated line pressure control device that overcomes the
drawbacks of conventional designs, which cannot prowde
proper ATF flow to the transmission when the engine 1s off
or below 1dle speed. Additionally, the present 1nvention 1is
more elfficient than the prior art as 1t provides the required,
regulated ATF flow anytime the engine 1s at idle or above,
while concurrently converting any excess applied engine
power 1nto usable electrical energy that 1s fed back to the
vehicle electrical system. Furthermore, these objectives are

10

achieved by the present invention 1n an efficient, cost
cifective and relatively simple manner.

The invention has been described 1n an 1llustrative man-
ner. It 1s to be understood that the terminology that has been

> used is intended to be in the nature of words of description
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rather than of limitation. Many modifications and variations
of the 1invention are possible 1n light of the above teachings.
Therefore, within the scope of the appended claims, the
invention may be practiced other than as specifically
described.

We claim:
1. A hydraulic

a pump adapted to provide fluid under pressure to prede-
termined components 1n a transmission;

fransmission pump assembly comprising:

an electric motor operatively coupled to said pump;

a line pressure control device 1n electrical communication
with said electric motor, said line pressure control
device operable to control said electric motor as to
cause said electric motor to drive said pump when
engine speeds are below a predetermined level such
that pump provides fluid at a predetermined volume
and pressure to the transmission during this operating,
condition; and

a differential gear assembly interposed between an engine
and said electric motor, said differential gear assembly
acting to drive both said pump and said electric motor
when engine speeds are above said predetermined level
such that said pump provides fluid at a predetermined
volume and pressure to the transmission and said
clectric motor provides generated electricity.

2. A hydraulic transmission pump assembly as set forth 1n
claim 1 wherein said line pressure control device 1s further
operatively connected to the output of said pump and 1is
adapted to monitor the fluid pressure output of said pump so
that said line pressure control device turns off said electric
motor when monitored pressure from said pump 1s greater
that a predetermined upper value and turns on said electrical
motor when monitored pressure from said pump falls below
a predetermined lower value.

3. A hydraulic transmission pump assembly as set forth 1n
claim 1 wherein said line pressure control device 1s further
operatively connected to the output of said pump and 1is
adapted to monitor the fluid pressure output of said pump so
that said line pressure control device varies the electrical
current applied to said electrical motor such that the speed
of said electrical motor 1s varied to maintain the monitored
pressure from said pump within a predetermined range.

4. A hydraulic transmission pump assembly as set forth 1n
claim 1 wherein said line pressure control device 1s 1n further
clectrical connection to a transmission control device that
monitors the fluid pressure output of said pump and provides
control signals to said line pressure control device thereby
causing said lme - pressure control device to turn said electric
motor on and off 1n response to changes 1n the fluid pressure
output of said pump such that said line pressure control
device turns off said electric motor when monitored pressure
from said pump 1is greater that a predetermined upper value
and turns on said electrical motor when monitored pressure
from said pump falls below a predetermined lower value.

5. A hydraulic transmission pump assembly as set forth 1n
claim 1 wherein said line pressure control device 1s 1n further
clectrical connection to a transmission control device that
monitors the fluid pressure output of said pump and provides
control signals to said line pressure control device thereby
causing said line pressure control device to vary the elec-
trical current applied to said electrical motor such that the
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speed of said electrical motor 1s varied to maintain the
monitored pressure from said pump within a predetermined
range.

6. A hydraulic transmission pump assembly as set forth 1n
claim 1 wherein said line pressure control device 1s 1n further
clectrical connection to a transmission control device
through a control area network that includes a digital data
interface to allow the transfer of digital data between the
transmission control device and said line pressure control
device.

7. A hydraulic transmission pump assembly as set forth in
claim 1 wherein said pump 1s a gerotor type pump having an
inner pumping gear element including external teeth and an
outer pumping gear element having internal teeth wherein
the number of external teeth of said mmner pumping gear
clement 1n one less than the number of said 1nternal teeth of
said outer pumping gear element such that said external gear
teeth of said mner pumping gear element mesh with said
internal teeth of said outer pumping gear element to provide
a pumping action therebetween thereby providing fluid
under pressure to the transmission.

8. A hydraulic transmission pump assembly as set forth in
claim 7 wherein said 1inner pumping gear element 1s opera-
tively disposed on a common driven shaft defining a central
pump axis, said outer pumping gear element defining an axis
which 1s offset relative to said central pump axis so that said
internal and external teeth of said inner pumping gear
clement and said outer pumping gear element respectively
define pumping chambers that expand and contract as said
ogear elements rotate relative to one another.

9. A hydraulic transmission pump assembly as set forth in
claim 8 wherein said pump further comprises a pump body
having an inlet and an outlet port adapted to take in a fluid
media at a first lower pressure through said inlet port and
delivering the fluid media through said outlet port at a
second higher pressure.

10. A hydraulic transmission pump assembly as set forth
in claim 9 wheremn said pump body comprises an inlet
passage operatively connected to said inlet port and an outlet
passage operatively connected to said outlet port such that
said inlet passage delivers fluid media at said first lower
pressure to said expanding pumping chambers and said
outlet passage receives fluid media at said second higher
pressure from said contracting pumping chambers.

11. A hydraulic transmission pump assembly as set forth
in claim 10 wherein said differential gear assembly includes
an 1input gear operatively coupled to the engine, a ring gear
operatively coupled to said input gear and a sun gear
operatively coupled to said common driven shaft and opera-
fively interconnected 1n driven relationship with said ring
gear.

12. A hydraulic transmission pump assembly as set forth
in claim 11 wherein said differential gear assembly further
includes a carrier having a plurality of planetary gears
operatively disposed within said carrier.

13. A hydraulic transmission pump assembly as set forth
in claim 12 wherein said plurality of planetary gears are
disposed within said carrier on a respective plurality of stub
shafts said planetary gears interposed 1n meshing relation-
ship between said sun gear and said ring gear.

14. A hydraulic transmission pump assembly as set forth
in claim 13 wherein said differential, said pump, and said
electric motor are concomitantly disposed along a common
driven shaft and are operatively mterconnected together.
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15. A hydraulic transmission pump assembly as set forth
in claim 14 wherein said electric motor has an extended
output shaft adapted to serve as said common driven shaft
and that 1s operatively connected to said sun gear of said
differential while operatively passing through said inner
pumping gear element of said pump.

16. A hydraulic transmission pump assembly as set forth
in claim 15 wherein said differential, said pump, and said
clectric motor are concomitantly disposed along said
extended output shaft of said electric motor such that said
output shaft passes through said inner pumping gear element
of said pump and operatively connects to said sun gear of
said differential gear assembly, said sun gear operatively
connected to said inner pumping element of said pump.

17. A hydraulic transmission pump comprising:

a planetary gear set differential adapted to accept and
transfer rotational power from both an engine of a
motor vehicle and an electrical motor;

a gerotor pump adapted to accept rotational power from
said differential and provide a volume of pressurized
hydraulic fluid to a transmission of a motor vehicle;

said electric motor adapted to provide rotational power to
said differential; and

a line pressure control device 1n electrical communication
with said electric motor adapted to control said electric
motor.

18. A hydraulic power supply as set forth in claim 17
wherein said line pressure control device 1s operable opera-
tively connected to the output of said pump and 1s adapted
to monitor the fluid pressure output of said pump so that said
line pressure control device turns off said electric motor
when monitored pressure from said pump 1s greater that a

predetermined upper value and turns on said electrical motor
when monitored pressure from said pump falls below a
predetermined lower value.

19. A hydraulic transmission pump assembly as set forth
in claam 17 wherein said line pressure control device 1is
further operatively connected to the output of said pump and
1s adapted to monitor the fluid pressure output of said pump
so that said line pressure control device varies the electrical
current applied to said electrical motor such that the speed
of said electrical motor 1s varied to maintain the monitored
pressure from said pump within a predetermined range.

20. A hydraulic transmission pump comprising:

a differential gear set adapted to accept and transfer
rotational power from both an engine of a motor
vehicle and an electrical motor;

a pump adapted to accept rotational power from said
differential and provide a volume of pressurized
hydraulic fluid to a transmission of a motor vehicle;

said electric motor adapted to provide rotational power to
said differential and adapted to be operatively con-
trolled by a line pressure control device which monitors
the fluid pressure output of said pump so that said line
pressure control device varies the electrical current
applied to said electrical motor such that the speed of
said electrical motor 1s varied to maintain the moni-
tored pressure from said pump within a predetermined
range.
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